Beyond the cost in human lives, preventable medical errors have been estimated to cost between $17 billion and $29 billion per year in hospitals nationwide. The IOM reports cited that training in team behavior, leadership, communication, and other human factors could reduce medical errors and improve patient safety.
In the 1980s, the aviation industry began to implement a new type of nontechnical training, called cockpit resource management, which focused on human factors such as group dynamics, leadership, interpersonal communication, and decision making. 3 Cockpit resource management was defined as a management system that makes optimum use of all available resources, equipment, procedures, and people to promote safety and efficiency. These programs, which became widely implemented by the Department of Defense as well as by commercial aviation companies, were a response to research into the causes of air disasters during the late 1970s, which revealed that more than 70% of air crashes involve human error rather than failures of equipment or weather. The majority of crew errors consisted of failures in the areas of leadership, team coordination, and decision making. 4 The aviation industry shares many characteristics with medicine, particularly in terms of the goal of risk reduction and the importance of teamwork and interpersonal skills. The activities in a cockpit have been likened to those in an emergency room, operating room, and intensive care unit. 5 In both medicine and aviation, professionals must be able to make sound decisions under stressors such as fatigue, overwork, emergency, and responsibility for others' well-being. Both have been characterized as "high-risk and high-stress environments involving time sensitivity, multiple players, a requirement for teams functioning at a high level with precise and accurate information, and the high and often irreversible cost of error." 6(p20) Yet rather than receiving the extensive standardized training from the employing organization as in aviation, health care professionals often work in multiple settings, adhere to few standards for debriefing and communication, and use only their innate interpersonal skill sets.
Cockpit resource management was first used in a health care setting in 1991 in the operating room of University Hospital in Basel, Switzerland, and soon afterward became known as crew resource management (CRM), or more casually, teamwork training. Since then, the medical community has embraced the possibility of gleaning lessons from aviation safety to improve the quality of health care. For instance, surgeons have quickly accepted CRM-a postgraduate course in CRM has been given each of the past 2 years at the Annual Clinical Congress of the American College of Surgeons. 7 Aviation companies that focused on CRM training began consulting for hospitals; soon thereafter, health care-targeted CRM companies and subdivisions of aviation companies specializing in patient safety emerged. The interventions designed by these CRM companies, and in some cases designed or customized in-house by hospital staff, have been implemented widely in medicine, particularly in surgery, anesthesiology, critical care, and obstetrics and gynecology. 8 Evaluation research on such interventions has burgeoned, although the industry is relatively nascent, and few standards currently exist for investigating the organizational impact of CRM training.
Objectives
To our knowledge, no published literature has systematically evaluated the existing empirical data on the use of teamwork training interventions to improve quality care. The objectives of this study were to (1) report on the body of published empirical data concerning implementing CRM training in clinical settings, (2) provide a conceptual framework for evaluating the effectiveness of CRM training in medicine, (3) examine the methods used to measure effectiveness within the proposed framework, and (4) identify future directions for research into the use of teamwork training in medicine.
Literature Search
A background search of literature, text, and online material about CRM applications in the health care sector was conducted to identify key players in this industry. A systematic literature search identified a subset of research articles examining primary data reflecting the role of CRM training in various clinical settings. The studies were identified using MEDLINE and the search terms crew resource management and teamwork training. Additional studies were identified using the search terms Medteams and TeamStepps, which denote well-established CRM vendors. No other vendor or course names generated unique search results. Studies were selected for review only if they were published in peer-reviewed journals, printed in the English language, published in the past 20 years, and presented original data.
Published Empirical Data
The literature search generated 96 studies, plus additional references identified in reference bibliographies. Study abstracts were examined for the inclusion criteria described. A total of 19 studies were selected for review; 12 (63%) were published in the past 5 years. The purpose of each of the selected studies was to evaluate the effectiveness of a CRM training program for clinical providers. The sum of studies described training for more than 5000 providers. These studies and their characteristics are reported in Tables 1 to 3 . We will analyze the critical differences in setting, target providers for the training, and curriculum content in the following sections. Table 1 describes the design of the intervention studies identified. Studies were categorized as either multicenter, single center, or provider based-the latter indicating that providers were recruited independently and training was conducted outside of a specific health care center. An equal number of studies were single center and multicenter (37% each), and 16% were provider based. Training and analyses typically were conducted at the level of hospital units or divisions (42%), with 16% conducted at the level of clinical teams. The remaining studies did not specify this information, particularly when the setting was provider based rather than specific to a certain medical setting. In such studies, relationships to organizational changes at a specific health center or division were not possible to detect. The training interventions focused primarily on high-risk specialties. The most prevalent specialties that received CRM training were anesthesia (53%) and surgery (37%). Training for trauma unit staff, and labor and delivery unit staff was also observed.
Setting
Only 1 study discussed a hospital-wide intervention. 9 This proved beneficial for setting an organization-wide culture of safety, whereas unit-level interventions offered the added opportunity of customizing training to the specific setting (eg, MedTeams customized course for the emergency department). Future investigators developing CRM training interventions at their own institutions will need to weigh the benefits of both approaches. Although CRM training in medicine has focused on inpatient settings, 1 study examined the effect of CRM training in the outpatient setting. 10 In this study, investigators found strong evidence for improved process measures and patient outcomes for diabetes treatment. Further research will be needed to lay the groundwork for approaches to teamwork training specific to outpatient care, particularly as hospitalization rates and national average lengths of stay are decreasing.
Target Providers
In a majority (74%) of the studies, CRM training was provided to a multidisciplinary group of clinical staff, including physicians, nurses, technicians, and in some cases, administrative staff. This is a key strength of these studies because developing teamwork skills is significantly enhanced by training the members of a clinical team together. 11 A subset of the studies (21%) were not conducted in multidisciplinary groups but were instead targeted toward piloting new curricula for specific student audiences. [12] [13] [14] [15] One such study by Reznek et al 12 focused only on emergency medicine residents, and the course under investigation was piloted as a new component of the residency curriculum. Similarly, O'Donnell et al 15 looked at the effects of integrating an Anesthesia Crisis Resource Management course into nursing education. Each of these studies concluded that it would be beneficial to integrate CRM principles into clinical teaching, particularly at the level of graduate medical education.
Curriculum
Training curricula typically involved multiple modalities, including presentations, simulations, didactic sessions, and interactive discussion. Six courses addressed general teamwork strategies, and the remaining 13 courses were adapted to specific practice settings, including labor and delivery, 16 emergency department, 11, 12, 17 perioperative services, 9 and anesthesia. 13, 14, [18] [19] [20] [21] [22] [23] [24] The length of training varied from 2 hours to 3 days. Multiple programs used the "train the trainer" approach, whereby vendors would train house staff to teach the CRM curriculum to their colleagues and steer any follow-up activities to ensure long-term impact of CRM principles.
Training curricula generally focused on topics of situational awareness, leadership, interpersonal communication, and decision making. Learning objectives focused on key principles of human factors. A number of studies specifically focused on the use of simulators in provider training, citing origins of simulator use in medicine from line-oriented flight training (LOFT) practiced by commercial and military aviation. 12, 17, 20, 23 LOFT is defined as training in a simulator with a complete crew using representative flight segments that contain normal, abnormal, and emergency procedures that may be expected in line operations. 25 The training gives crew members the opportunity to practice line operations such as maneuvers, operating skills, systems operations, and the operator's procedures with a full crew in a realistic environment.
The literature suggests that provider training in medicine has evolved from a combination of CRM and LOFT principles. 5 Whereas LOFT is focused on operations and procedures, it has been most commonly deployed in anesthesia through anesthesia crisis resource management training. 24 In contrast, CRM is focused on human factors such as leadership, communication skills, time management, situational awareness, and attitudes; this training was originally deployed in anesthesia but has been broadly applied in a variety of specialties. 25 Both strategies appear to be integral to secure safe and successful delivery of care 8 ; for completeness, we have described here the simulation-based curricula that were identified by the literature search. However, this search was targeted explicitly at teamwork training as dictated by CRM principles because simulation work has predominantly focused on teaching specific technical procedures rather than teamwork and other human factors. Further dissection of training curricula is outside the scope of this study, particularly because the level of detail provided in published research was not adequate to properly assess differences in curriculum.
Conceptual Framework
To evaluate the effectiveness of the programs, researchers used a wide array of outcome measures and associated instruments. Figure 1 describes a conceptual framework for evaluating such programs and generating evidence for organizational impact. The framework described here identifies a classification for outcomes measures, which are used in multiple ways by these intervention studies. Outcomes were classified as either learner measures, process measures, or organizational measures. The classification scheme elucidated the relationships being studied and facilitated a rigorous analysis of published evidence.
Learner outcomes were defined as variables directly tied to the participants' learning and serve as evidence of the educational value of the curriculum. Positive learner outcomes indicate a validated curriculum but do not prove the effectiveness of training to reduce medical error or drive other organizational changes. Process measures, described as behavioral markers in prior literature, indicate the translation of learner outcomes into changes in work processes such as the practice of debriefing and the completion of checklists. Most evidentiary measures are rated by blinded, trained observers, whereas others are provided by self-report. Behavior changes were interpreted as more proximal to intervention effectiveness than were changes in knowledge or attitudes because individual learning is not necessarily associated with significant changes in patient care and work process, as indicated by Bloom's levels of learning. 26 Measures of organizational impact were defined as macro-level data reported by the organization or unit, rather than individuals. Such measures included hospital safety climate, improvements in patient satisfaction and clinical outcomes, and performance rates such as error and efficiency. These macro-level data are indirectly related to the impact of training and, therefore, serve to bridge behavioral changes of individuals to improved organizational quality, safety, and efficiency. However, without demonstrated increases in process measures, one cannot necessarily conclude that positive organizational impact is a consequence of the CRM training program under investigation because outside factors may be responsible for the organizational changes.
Using this classification system for outcome measurements, studies were labeled based on the types of outcomes measurements used. Studies using only learner measures were interpreted as validation studies for curricula in developmental stages. Studies that included process and organizational measures were interpreted as effectiveness studies examining the ability of CRM training to have an impact on change in delivery of care.
Measuring Effectiveness of Training
The methods used to measure effectiveness in both CRM training and simulation training are examined within the context of the proposed framework. Validation studies made up the majority of the simulation training research, suggesting that this literature search did not identify much empirical data on the organizational impact of simulation. Other literature identified that this evidence exists, although the focus is predominantly on the impact of technical procedures rather than teamwork principles. In contrast, the body of research on CRM included a broad spectrum of both validation and effectiveness studies. Tables 2 and 3 highlight the methods used by investigators to measure effectiveness for CRM training and simulation training, respectively. Learner outcomes measured by the studies identified included participant opinions of the training and changes in knowledge or attitudes following the course. Opinion surveys (course evaluations) were most appropriate for identifying general interest for training programs. The instrument, a variant of an end-of-course critique 27 or satisfaction survey, 28 was originally developed by investigators of those studies. A unique approach used by Small et al 17 was the use of an expert panel and senior course observer to facilitate discussion about the effectiveness of the training course. Other studies measured attitude and knowledge changes. The most standardized instrument was the Human Factors Attitude Survey, a 23-item pre-training and post-training survey measuring attitudinal shifts regarding behaviors emphasized in CRM training modules. 27 This survey is a validated tool that was modified from aviation-based attitudinal surveys previously developed with the University of Texas and the National Aeronautics and Space Administration (NASA). 27, 29 Changes in behavior or process measures were examined in 50% of CRM training studies and not at all in simulation training studies. Morey et al 11 provided one of the more rigorous assessments of process measures using a combination of validated multidimensional tools to assess teamwork. The NASA Task Load Index was used to measure individual subjective workload experience. This scale provides an overall workload score based on a weighted average of ratings on 6 subscales: mental demands, physical demands, temporal demands, own performance, effort, and frustration. The Team Dimensions Rating Form was used to obtain qualitative data, using a behaviorally anchored rating scale that was validated in previous military aviation research; this was completed by trained physician and nurse instructors.
Two studies examined organizational measures without correlation with learner measures. Marshall and Manus 22 looked at organizational safety climate and Cooper et al 20 measured safety culture using tools developed by the Agency for Healthcare Research and Quality (AHRQ) and the Veterans Affairs (VA) National Center on Patient Safety, respectively. Although positive findings were presented in both studies, a causal relationship between these markers and team training is difficult to establish without learner or process measure data, based on the aforementioned framework for examining the impact of training.
The strongest research supporting CRM training effectiveness reported prior validation of the course through learner outcomes and/or an increase in process measures, correlated with positive organization-level changes. Taylor et al 10 used clinical patient outcomes and diabetes process measures in concert with teamwork process measures. This proved a functional link between teamwork practices such as debriefing or using checklists and typical standards for diabetes process measures and patient outcomes. Nielsen et al 16 took a similar approach and correlated observed team processes with maternal and fetal outcomes in the labor and delivery unit, as indicated by the Severity-Adjusted Adverse Outcome Index. Morey et al 11 considered emergency department performance by observed errors as rated by trained observers and correlated this with observers' evaluations of team behaviors. Awad et al 21 examined the changes in perceived communication among surgical staff that occurred in parallel with increased debriefings post training; prospective data were concurrently collected on appropriate prophylactic antibiotic administration and deep venous thrombosis prophylaxis as well as near-miss data based on high-risk cases identified during preoperative debriefings. Studies by Taylor, Nielsen, Morey, and Awad and their colleagues 10, 11, 16, 21 were therefore considered the most evidentiary among the examined studies because of the demonstrated relationships between effectively teaching CRM principles and observing organizational change, as outlined in the conceptual framework presented.
Vendors
The literature search and analysis of published evidence identified major vendors of CRM training operating in the clinical setting. A number of research studies also identified training curricula that were developed by academic medical centers and research groups. Table 4 . Currently, there is no single CRM training course that has been systematically evaluated in a variety of clinical settings and examined with a variety of outcomes measures.
Future Directions
Current knowledge about the predominant causes of medical error suggests that the principles of CRM will significantly help improve patient safety. It is unquestionable that medical teams will benefit from better and more systematized training in teamwork, communication, and decision making. In his book on aviation-based methods in health care, Why Hospitals Should Fly, Nance demonstrates that even the hospital CEO who is particularly sensitized to the importance of patient safety lacks the tools and skills needed to carry out his or her safety goals. 30 However, current providers of such training use different curricula, teaching modalities, and evaluation mechanisms. A more systematic, or perhaps comparative, evaluation of CRM training will bolster current knowledge of program strengths and weaknesses, and bring us closer to the goals laid out 9 years ago by the original IOM report. 1(p287) The classification scheme introduced in this analysis highlights the importance of linking CRM training to specific learner outcomes and bridging those with process measures and organizational outcomes that can testify to the impact of training for the individual, unit/department, and clinic/hospital. The 4 studies identified in this analysis that demonstrate both types of outcomes underscore the multiple metrics for quantifying such relationships and the complexity of eliciting them.
The authors have identified the following future directions for the use of teamwork training in medicine:
1. The body of research on teamwork training in the outpatient setting is very scant. Such settings are not as highly regulated or monitored, but the role of teamwork and standardizing certain operations in ambulatory care must not be underestimated. Future research may help elucidate the implications of CRM training in the outpatient setting, so as to better establish how to adapt programs to the needs of different types of care. This is particularly important as lengths of stay and similar hospital metrics decline. 2. More programs may be piloted for use in the academic setting for the purpose of training students rather than experienced clinicians. To promote the necessary cultural shift in medicine, it is important to begin such training as early as possible-well before students experience the well-documented "hidden curriculum" of clinical teaching, which produces a sense of dis-enfranchisement and cynicism among students. In the coming years, CRM may be more widely adapted into undergraduate and graduate medical education. As interprofessional education makes its way into the curriculum and academic medical centers increasingly conduct teaching in simulation centers, CRM principles may be a natural "fit" for these teamoriented programs. The Institute for Healthcare Improvement and the National Patient Safety Foundation have already laid some important groundwork for furthering such education. 3. It is expected that more research and training development will be conducted by academic medical centers rather than by commercial vendors, particularly because certain curricula are now publicly available. AHRQ provides comprehensive materials for the TeamSTEPPS program online, including a package of CRM training modules and a set of guides for preassessment, training implementation, and evaluation. The TeamSTEPPS program is a collaboration of AHRQ and the Department of Defense, released in 2006, and has already been implemented in a number of sites. 31 4. Researchers examining the effectiveness of CRM training will need to operationalize terminology for outcomes measures and hone in on specific relationships among variables with explicit plausibility for causation. As demonstrated by this analysis, a conceptual framework applied to this body of literature identifies considerable gaps in knowledge as to how validated CRM courses alter work processes and subsequently drive organizational change. This model of course validation followed by effectiveness measurement will need to be applied across diverse vendor programs and in a variety of clinical settings to understand how to best implement CRM principles in medicine.
We are at a time in history when the public is becoming increasingly aware of issues of patient safety. Health care providers are increasingly being exposed to cutting-edge quality improvement techniques that can enhance the efficiency and safety of their medical practice. This growing knowledge and awareness must now be harnessed for both widespread training and carefully designed evaluation/outcomes measurement.
Although there is an intuitive understanding of how the core values of teamwork training can create cultural change and reduce medical error, we are still just approaching the evidence basis for implementation tactics. Cultural shift requires widespread support, and widespread support requires strong evidence; yet strong evidence can only be generated from cultural shift. The challenges are formidable. Therefore, as teamwork training moves to the forefront of clinical training reform in the coming years, investigators will need to concomitantly tap into the research opportunities for generating that strong evidence basis that is needed to both design effective training programs and build greater consensus.
